Purpose of Review Renal masses in the kidney graft pose an important clinical dilemma, balancing graft function against the need for cancer control. Recent Findings Donor origin cancers in the renal graft can be classified as 'donor transmitted' or 'donor derived'. The landmark TracerX Renal changed our understanding of renal cell carcinoma oncogenesis, demonstrating that key mutations in childhood lead to clinically apparent tumours in later life. Identified pre-operatively, contemporary evidence suggests that masses excised prior to transplantation result in acceptable oncologic safety and graft function. Identified post-operatively management mirrors that for a mass in a solitary kidney in the non-transplant population, with focus on a nephron-sparing approach. Summary With growing number of kidney transplants each year, ageing donors, and increasing graft survival, masses in the renal graft are likely to become a more prevalent clinical conundrum.
Introduction
Over the last 10 years, a trend toward organ donation in the UK has seen a 64% increase in the number of kidneys transplanted from deceased donors [1] . With this trend, the demographic of organ donors has also shifted. In the past decade, the proportion of donors over the age of 60 years increased from 20 to 36%, while the proportion of those over 70 years has similarly increased from 5 to 14% [1] . Older donors are at increased risk of occult malignancy and therefore represent an increased risk of cancer transmission to organ recipients.
The most recent data from the UK Transplant Registry suggests a 0.06% risk of transmission of donor origin cancer (DOC) with renal transplantation [2] . DOC can be defined as donor-transmitted cancer (DTC) when a malignancy is transmitted at the time of transplantation (0.05% risk) or donorderived cancer (DDC) when de novo tumours develop from donor tissue (0.01% risk). This recently reported DOC was higher than the 0.017% in the previous decade [3] , which may partly be due to improved reporting but may also reflect the rising age of the donor population and increasing graft survival. Along with higher absolute numbers of renal transplants taking place, urologists and transplant surgeons are likely to face a growing number of patients presenting with the complex clinical scenario of a mass in the kidney allograft.
Identification of Renal Graft Masses
The opportunity to identify masses within the transplant graft presents itself at different points in the patient pathway of renal transplantation. Living donors undergo rigorous work-up to assess suitability for donation including imaging of the renal vascular anatomy and assessment of the renal parenchyma [4] .
For deceased donors, pre-morbid imaging is not routinely performed, except in France where all donors undergo ultrasound or CT screening for renal masses [5, 6] . Therefore, in most nations, the opportunity to identify renal masses prior to transplantation is limited to organ retrieval and during back bench preparation of the organ, when small endophytic masses may not be readily apparent. Post-transplant, time-zero or surveillance biopsy may reveal unexpected histology. Close postoperative follow-up and low threshold for ultrasound imaging of the renal graft [7, 8] offer further opportunity for incidental detection of renal masses. Alternatively, recipients may develop symptoms of haematuria, pain, or constitutional symptoms triggering investigation for suspected renal malignancy. There is a lack of strong evidence for the use of routine radiological cancer screening in the renal graft, resulting in conflicting guidelines by national and international societies of nephrology and transplantation ( Table 1) .
The UK Advisory Committee on the Safety of Blood, Tissues and Organs (SaBTO), and the US Disease Transmission Advisory Committee (DTAC) acknowledge that limitations in deceased donor assessment mean that the risk of donor-transmitted cancer can be minimised but not abolished [15, 16] .
Identification Pre-transplant
A mass identified in the potential renal graft prior to implantation is not necessarily a contraindication to its utilisation. Careful investigation to determine the aetiology of the mass coupled with careful donor and recipient counselling is critical in deciding its suitability for subsequent implantation.
In an effort to address the shortage of organs available for transplantation, a number of institutions actively sought out nephrectomy specimens performed for the management of small renal masses (SRMs). Instead of discarding the otherwise well-functioning kidney surrounding the SRM, it was 'restored' by performing ex vivo partial nephrectomy and renorrhaphy for subsequent transplantation in carefully selected and counselled recipients [17] [18] [19] . A systematic review of 109 such cases from 19 studies [20•] demonstrated only one with suspected local recurrent disease 9 years following transplantation, managed successfully with active surveillance [17, 21] . However, the recent move to partial nephrectomy over radical nephrectomy as the standard of care for T1 renal tumours [22] means that fewer such nephrectomy specimens are likely to be available for restoration.
The Organ Procurement and Transplantation Network/ United Network for Organ Sharing (OPTN/UNOS) have published advice on the utilisation of organs for transplantation from donors with malignant disease [16] . Expert opinion consensus generated clinical risk strata for small renal masses, suggesting they portend a minimal (< 0.1%), low (0.1-1%), intermediate (1-10%), or high risk (> 10%) of transmission, for completely resected Fuhrman grade 1-2 tumours of < 1cm, 1-2.5-cm, 4-7-cm, and > 7-cm diameter respectively [16] . This suggests that carefully selected SRMs can be excised and the kidney safely offered for transplantation.
In the setting of a mass in a deceased donor kidney, adequate assessment to ascertain its nature must be performed while attempting to maintain an acceptable cold ischaemic time. In this setting, appropriate histology should be available to determine tumour grade and confirm clear resection margins prior to implantation [20•] to ascertain the transmission risk. High grade (> Fuhrman grade 2) tumours would be deemed intermediate or high risk for recurrence and therefore less suitable for transplantation. In our centre, good working relationships with pathology colleagues allow rapid paraffin section reporting and a chance for these organs to be safely utilised in carefully selected patients with appropriate counselling. Furthermore, transplantation centres managing other organs from the index donor must be notified at the earliest opportunity.
Current guidelines from the British Transplantation Society state that all living donors with renal masses identified on work-up should be referred to a urologist for further evaluation and offered the standard of care [4] .
In the context of sufficient renal function, potential donors wishing to consider radical nephrectomy, ex vivo excision of a small renal mass with subsequent donation of the reconstructed kidney can be considered with support of the multidisciplinary team and appropriate informed consent from the donor and recipient [4] .
Identification Post-transplant
In the event of identification of a renal mass in the posttransplant period, we advocate investigation and management to largely reflect that of a renal mass in a solitary kidney in the non-transplant population. Additional factors to consider in this patient group are immunosuppression therapy and the implication for other organs from the index donor. Screening is not recommended for renal cell carcinoma [12] *Endorsed by the Canadian Society of Transplantation [13] and European Renal Best Practice [14] Guidelines from both the European Association of Urologists and the American Urological Association recommend radiological work-up of any renal mass with cross-sectional, multiphasic contrast-enhanced imaging with CT or MRI [22, 23] . Depending on the time interval between transplantation and detection of the renal mass, thoracic imaging should be considered to assess for evidence of metastatic spread, while bone and brain imaging reserved for cases with clinical suspicion of disease at these sites.
A cross-sectional study of registry data from all transplant recipients in the UK between January 2001 and December 2010 demonstrated that from 21,029 renal transplants, there were 12 cases of donor-transmitted cancer identified in the kidney in the post-operative period [2] . Nine of these were incidental findings on biopsy performed routinely or to investigate graft dysfunction, two were identified on biopsy after lymphoma was discovered at post mortem of the donor, and one on biopsy performed after small cell lung cancer was diagnosed in the paired kidney. The study did not report on the radiological assessment of these cases.
In any identified cases of donor-transmitted cancer, all other organs from the index donor must be identified and the recipients undergo investigation to exclude transmission of malignancy. In the case of a short time interval between tumour implantation and discovery of donor-transmitted malignancy from other organs, explantation of the graft can be considered both to treat the primary lesion and to allow cessation of immunosuppression and initiation of systemic treatment, as required.
Pathology
The nature of masses diagnosed in the renal graft and reported in the literature is extremely varied, as outlined in Table 2 .
Here we focus on those most relevant to the transplant surgeon and urologist.
Angiomyolipoma
Distinctive on cross-sectional imaging for having the same attenuation as fat, an angiomyolipoma (AML) is a benign neoplasm made up of mature adipose tissue and smooth muscle cells, which strongly expresses oestrogen receptor β. Classic studies on the natural history of AMLs [30, 31] suggest a cut off of 4 cm below which symptoms are uncommon, and can be managed expectantly with biennial ultrasound surveillance [32] . While ideally an AML would be excised prior to transplantation to mitigate the risk of growth and subsequent haemorrhage, BTS guidelines support small tumours < 1 cm in a difficult location being transplanted with annual ultrasound surveillance. Special care must be taken in women of childbearing potential, as a rise in oestrogen levels in pregnancy promote AML growth.
The mammalian target of rapamycin (mTOR) pathway is implicated in the development of AML when associated with tuberous sclerosis. Phase-2 trials assessing mTOR inhibitor sirolimus have demonstrated shrinkage of AMLs in this population [33, 34] . mTOR inhibitors also have a role in immunosuppression following renal transplantation. A case study reported successful shrinkage of an incidentally detected AML from 4 to 2.4 cm by switching mycophenolate mofetil to sirolimus outside the tuberous sclerosis setting [26] .
Oncocytoma
Oncocytomas are the most common benign renal tumours. Often asymptomatic and incidental, they appear as a contrast-enhancing mass on CT making them impossible to distinguish from renal cell carcinoma (RCC) without histopathology. There is no evidence for a risk of malignant transformation. A case report of biopsy-confirmed oncocytoma in a renal allograft demonstrated stable radiological appearances over 5 years with annual MRI surveillance [28] .
Renal Cell Carcinoma
It is known that solid organ recipients are at approximately two times the risk of developing any malignancy compared with the general population, suggesting that immunosuppression plays a role in its development [35] . Large national observational studies have demonstrated a several-fold risk of developing RCC in native kidneys following renal transplantation [35, 36] . Here we focus on RCC development in the renal graft.
Clear Cell
Clear cell RCC is the commonest histological subtype in the general population, accounting for 70-80% of cases [32] . In the renal transplant population, only 38-46% of RCCs arising in the kidney graft are clear cell RCC [6, 27••] .
Papillary
Papillary renal cell carcinoma accounts for 42-55% of RCCs arising in the renal graft [6, 27••], compared with 10% in the general population [37] . While a higher incidence of papillary RCC in the native kidneys of patients with end-stage renal disease is well described [38, 39] , there is little explanation in the literature for the predominance of this histological subtype in the renal allograft. To the best of our knowledge, there are no reports in the literature of the incidence of type 1 versus type 2 papillary RCC in the renal allograft.
As up to 40% of papillary RCCs are multifocal [32] , such tumours arising in recipients of living donor transplants should prompt assessment in the living donor's remaining kidney. Also consideration that the graft may develop further papillary neoplasms in future should be considered when planning treatment, with an emphasis on nephron-sparing approaches. In the case of a deceased donor, alerting the team managing the recipient of the contralateral kidney is mandatory.
RCC Unique to End-Stage Renal Disease
In 2006, Tickoo et al. described how 261 tumours examined from 66 native end-stage renal disease (ESRD) kidneys fell into two distinct groups: those that are also seen in the sporadic setting (clear cell, papillary, etc.) and those unique to ESRD that are difficult to classify into known RCC subtypes [39] . Of the tumours unique to ESRD, two histologic subgroups were identified, 'acquired cystic disease-associated RCC' and 'clear-cell papillary RCC of the end-stage kidneys'.
It seems reasonable to consider that a failed renal graft may be susceptible to the same tumours seen in native kidneys of patients with ESRD. Tillou et al. reported on a multicentre cohort in which 3 of 79 de novo tumours developing in renal grafts demonstrated 'mixed' clear and papillary cell tumours [6] . These cases may have represented RCCs unique to ESRD, although graft function of these cases was not reported.
Donor-Derived Cancer (De Novo)
The landmark TracerX Renal study described the genetic evolution, nature and timing of oncogenic mutations in clear cell renal cell carcinoma [40••, 41••] . It demonstrated that key oncogenic events occurring in childhood and adolescence result in clinically apparent tumours several decades later [41••] . This would support the notion that clear cell tumours arising in a renal graft would be de novo tumours derived from susceptible donor cells, not clinically apparent at the time of transplantation. However, higher rates of renal cell carcinomas in the transplant population compared with the general population support the theory that events at the time of transplantation and immune suppression may promote further oncogenesis in donor renal cells.
The idea that donor-derived tumours arise in the allograft several years after transplantation is not new. Park et al. demonstrated with DNA analysis that a de novo RCC in the renal allograft arose from donor-derived cells 258 months after transplantation [42] .
When assessing the renal transplant recipient therefore, it is important to consider not just the age of the patient but also the biological age of their transplant kidney. A 35-year-old patient receiving a kidney transplant from a deceased donor 20 years their senior, for example, would fall into the peak population incidence for development of RCC over the next 10 years. Donor risk factors for development of RCC, smoking status for example, should also be considered.
Management
While no guidelines for the investigation and management of renal graft masses currently exist, parallels can be drawn with the management of a mass in a solitary native kidney. Cancer control must be balanced against the preservation of renal function and avoidance of a return to dialysis. For malignant neoplasms, nephron-sparing strategies should be prioritised where there is a realistic prospect of disease control. For benign lesions, conservative management with surveillance is preferred. In a non-functioning renal graft, loss of function is not relevant. Additional factors to consider in the transplant population are suitability and availably of organs for future transplant, if required, and reduction of immunosuppression therapy, which is likely to improve cancer outcomes.
Renal Mass Biopsy
In the non-transplant population, renal mass biopsy is not mandated prior to treatment, except for ablative therapies or active surveillance [22, 23] . In the transplant population, renal biopsies provide important additional tumour information to help weigh up the risk-benefit profile of conservative versus invasive treatment options. In a French national series between 1988 and 2009, 30 out of 79 (38.0%) renal cell carcinomas identified in renal grafts underwent biopsy for histological diagnosis [6] . Over a similar time period in the USA, only 20.7% of patients with diagnosed with RCC in the nontransplant setting underwent biopsy prior to treatment [43] . 
Active Surveillance
Active surveillance is the management of choice for asymptomatic benign lesions, small solid masses < 2 cm, or for patients in whom the risk of complications from intervention outweigh the oncological benefit of active treatment [22, 23] . Recommended frequency of repeat imaging is every 3-6 months for the first year and annually thereafter [22, 23] . European guidelines recommend a biopsy prior to embarking on active surveillance [22] .
Thermal Ablation
In the non-transplant setting, thermal ablation of small renal tumours < 3 cm in the form of cryotherapy or radiofrequency ablation is often reserved for frail or comorbid patients, due to its low associated morbidity but higher recurrence rates [22, 23] . In the transplant setting, preservation of renal function with these techniques has made it an attractive tool for the management of small renal masses in the renal graft. A multicentre national French cohort reported treatment of 48 renal graft masses of mean tumour size 2.1 cm with these methods and only a single recurrence that was treated with repeat ablation [44] . While ablative treatments are suitable for exophytic lesions, they should be avoided in masses at the hilum or near the collecting system.
Surgery: Radical Versus Nephron Sparing
Concerns about tumour progression in the setting of immunosuppression initially lead to radical transplant nephrectomy as the default surgical option for proven RCC in the renal graft and, with it, a return to dialysis. Favourable oncological outcomes of nephron-sparing surgery for renal graft tumours have been demonstrated with minimal impact on renal function [5, 45, 46 ]. In a systematic review of 163 patients with solid renal masses in the renal graft, 110 (67.5%) underwent partial nephrectomy [27••] . This mirrors a trend toward nephron-sparing surgery in the management for renal masses in the general population [22, 23] . Zero-ischaemic partial nephrectomy, by avoiding clamping of the transplant renal artery, has also been reported in an attempt to avoid an ischaemic insult on the renal graft intra-operatively. Reported estimated blood loss was 500 ml, and the patient did not require transfusion [44] .
Immunosuppression
Systemic therapy for the management of renal cell cancer has rapidly evolved in the past decade, with an increased understanding of the molecular biology and pathophysiology of RCC. Mammalian target of rapamycin (mTOR) inhibitors have a role in both immunosuppression following transplantation [47] and renal cell cancer control [22] . Javaid et al. published a two-patient case series of native kidney RCC in the presence of a functioning renal transplant [48] . Both patients underwent native nephrectomy for high-risk RCC, followed by a change in their immunosuppression therapy from a calcineurin inhibitor to mTOR inhibitor sirolimus. Both patients remained recurrence free at 3 years.
A systematic review of case series and case reports of solid renal masses in the renal graft reported that of 163 patients identified, 29 had their immunosuppression protocol adjusted with 20 switching to mTOR inhibitors [27••] .
Conclusion
Masses arising in the renal graft after transplantation may be benign or malignant. Investigation and management will depend on the timing of identification of the mass during the transplantation pathway. Tumours detected post-transplantation are investigated and managed to mirror those in the general population with a particular emphasis on preservation of graft function. In an environment of increasingly elderly organ donors and increased graft survival, a mass in the renal allograft is likely to become an increasingly frequent issue facing urologists and transplant surgeons.
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